Purpose: The aim of this study was to study the effect of wet-laboratory training on the surgical outcome of resident performed manual small-incision cataract surgery (MSICS). Methods: We conducted a retrospective, comparative observational study on resident performed MSICS in our institute. We collected data of 464 patients of which Group A had 232 cases performed by residents without prior wet-laboratory training and Group B had 232 resident performed cases after adequate skill training in the wet laboratory. The demographics, type of cataract, intraoperative, postoperative complications, and immediate visual outcome were compared between the two groups. Results: The age, sex, and type of cataract were similar in both groups of residents. The frequency of intraoperative complications was higher in Group A (23.7%) than in Group B (15.08%) (P = 0.019). The occurrence of posterior capsule (PC) rupture and vitreous loss showed a statistically significant difference, with Group A showing a high rate of 14.3% PC rent and vitreous loss while only 6.9% (P = 0.01) had this complication in Group B. The postoperative visual outcome also was better in Group B than in Group A, with 62.06% of patients in Group B, having a postoperative day 1 vision of better than 6/18 as compared to only 38.36% in Group A. Conclusion: The wet-laboratory training is an effective method of improving the skills of the ophthalmology residents in MSICS. The reduction of complications will improve the quality of surgery and improve the postoperative visual outcome.
Cataract surgery is the most commonly performed surgery worldwide. India, as a signatory to Vision 2020 has committed to eliminate avoidable blindness by 2020. The quantum of cataract surgery is expected to double from 3.38 million in 2001 to 7.63 million in 2020. This lays the burden on the effective training of cataract surgeons. [1] In developing countries, such as India where resources for health-care services are limited, training of residents in a cost-effective procedure such as manual small-incision cataract surgery (MSICS) becomes imperative. It has also been shown that resident performed MSICS has a low rate of complications when compared to resident performed phacoemulsification. [2] A meta-analysis done by Gogate et al. also shows that there are no significant differences between phacoemulsification and MSICS regarding complications and visual outcome and hence training of residents in this cost-effective procedure has an added advantage in our country. [3] Wet-laboratory training helps the residents to master the initial steps of stereoscopic vision, hand-eye coordination and microsurgical skills in a nonstressful laboratory setting. This exposure not only increases the individual resident's technical proficiency but also enhances their confidence and all the while increasing the patient safety. The importance of wet-laboratory training in ophthalmic residency has been recognized and mandated by the Accreditation Council of Graduate Medical Education (ACGME) in 2005 and these facilities are available across the USA to all the ophthalmology trainees. [4] In India, too there is a need for adequate training of the ophthalmology residents before they are allowed to operate on the patients. There are various studies reporting the inconsistencies in the training across institutes in India and the lack of wet-laboratory training in Indian institutes. [5] [6] [7] Keeping in line with this, we introduced wet-laboratory training for residents in March 2013 where students had a structured curriculum for wet laboratory, which they had to complete before they were allowed into the operating theater where they were again trained under the supervision. We have studied the resident-performed cases before and after the introduction of wet-laboratory training and its influence on the outcome of surgeries.
Methods
This study was conducted after approval from the Institutional Review Board of our institute.
Wet-laboratory training was introduced in our institute in
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surgery. The residents were initially trained in hand-eye coordination that included suturing on foam under microscope (3-step, Leica microscope) for two classes. They were then trained with goat's eye for the scleral tunnel, entry into anterior chamber and capsulotomy for 6 weeks (12 Goat's eye each). After 2 months of wet-laboratory training, they were allowed to perform cataract surgeries under supervision in the operating theater followed by regular monthly training of 6 h/month during their first 2 years of residency.
We conducted a cross-sectional comparative study, wherein records of 464 patients were reviewed. The information was abstracted from the surgical records in the Department of Ophthalmology of our institute and all the resident-performed surgeries were identified. Of these, those performed before wet-laboratory training was introduced in our institute, i.e., March 2013 and those after, were classified into Groups A and B, respectively (Time period -January 2012-July 2014). Both groups included 232 patients each.
The demographic data, diagnosis, type of surgery performed, postoperative vision, and intraoperative and postoperative complications for the surgeries performed by both groups were recorded and compared.
The Statistical Package for the Social Sciences software version 18.0 (SPSS Inc., Chicago, IL, USA) was used for data analysis. The Chi-squared test was used and a value of P < 0.05 was considered as statistically significant.
Results
The age, sex, and type of cataract-when compared between the two groups were similar with no statistically significant difference between the two groups. It is shown in Table 1 .
When we compared the combined intraoperative complications between the two groups, it was seen that the Group A had a higher rate of complications with 23.7% of cases having complications as opposed to only 15.08% in Group B. When each individual complication was analyzed, peripheral iridectomy was done more frequently in Group A as compared to Group B. There was no difference between the two groups in proportion of tunnel complications, descemet's membrane detachment, and zonular dehiscence.
The occurrence of posterior capsule (PC) rupture and vitreous loss showed a statistically significant difference, with Group A showing a high rate of PC rent and vitreous loss (14.3%) while only 6.9% had this complication in Group B.
Nucleus drop was also seen in two cases of Group A whereas none in Group B had this complication. The comparison of intraoperative complications between the two groups is shown in Table 2 .
The rate of intraocular lens implantation and the type of lens implanted is shown in Table 3 . The frequency of posterior chamber intraocular lens (PCIOL) was higher in the Group B. Iris claw lens were not used before 2013 in our institute, which is reflected in the higher proportion of implantation among Group B patients.
The postoperative day 1 vision was compared between the two groups and is represented in Table 4 . As shown in the table, Group B patients had a better vision on the postoperative day 1. The postoperative vision mirrored the higher occurrence of intraoperative and postoperative complications in Group A with 13.36% of patients in Group A having vision of less than counting fingers at 3 m as compared to Group B (P = 0.00).
When postoperative complications were compared between the two groups, it was shown that the Group B had a statistically significant lower frequency of complications. The occurrence of complications is shown in Table 5 . Further we analyzed, the intraoperative and postoperative outcome based on the resident training level. The intraoperative complications according to the residency level are shown in Table 6 . The table shows that the maximum difference between the two groups was seen in the 2 nd -year residents (JR2) who had a statistically significant lower incidence of complications, especially PC rupture and vitreous loss. This may be because the supervising expert more closely supervises the 1 st -year residents with higher takeover of the case.
When the intraocular lens placed in each group according to the residency level was analyzed, a statistically significant difference was seen in the 2 nd -year residents, with a higher number in the Group B, Having placed a PCIOL [ Table 7 ].
Discussion
There are various studies, which have compared cataract surgeries performed by residents with those done by experienced surgeons, and have shown that with experience the visual outcome becomes better and the complications reduce. Haripriya et al. [2] revealed in a study, on a large population done in South India, that the cataract surgery outcome was significantly better when performed by the staff surgeons (0.76%), as compared to residents (2.06%), and trainees (5%). [2] The combined complication rate for trainees in phacoemulsification was 4.8% as compared to 1.46% in MSICS. In this study, too we saw that 3 rd -year residents were performing better than the 1 st -year residents in both groups. With experience, the visual outcome of cataract surgery becomes better, but our aim should be to provide an effective stress-free training to the residents during their residency to reduce complications.
Ophthalmic surgery is different from other surgical fields, as it requires additional skills of hand-eye coordination. Microsurgery allows only one person to operate at a time; hence, does not give ample time for the supervisor to intervene before a complication occurs. The residents operate under a highly demanding and stressful environment that may hamper their development as good surgeons. There are various studies published which aim at improving the training and surgical outcome of trainee operated cases. Rogers et al. showed that the implementation of a structured curriculum for the ophthalmic residents significantly reduced the rate of complications, especially PC rupture and vitreous loss. [8] In their study, the 1 st -and 2 nd -year residents went through intensive wet-laboratory training and supervised surgical training, thus emphasizing the need for training of microskills at a skills laboratory before residents are allowed to operate on patients. Khanna et al. also concluded in their study, that having a uniform standard of training can result in improvement of outcomes irrespective of the surgery performed. [9] In this study, too we found that a statistically significant difference was seen among the 2 nd -year residents who showed a remarkable improvement regarding reduced intraoperative complications (posterior capsular rupture [PCR] P = 0.002) and better postoperative visual outcome after wet-laboratory training.
There are various studies reporting the effectiveness of simulator training for phacoemulsification. The occurrence of intraoperative complications was significantly reduced in residents trained on the simulator. [10] [11] [12] Suryawanshi et al. have tried a reverse method of training residents in cataract surgery and shown there is no difference in the conventional versus the reverse method of training. These studies only emphasize that various modalities have been tried to improve the resident surgical outcomes. [13] The ACGME has recognized the importance of wet-laboratory and simulator training in ophthalmology residency and mandated the wet-laboratory or simulation training in the USA for ophthalmology training. [2] The pitfall of this is the cost involved in setting up and maintaining the wet laboratory. However, in the long run, it definitely has the benefit of improving trainee confidence and the quality of surgeries.
In the Indian scenario, cost of phacoemulsification may be a hindrance in providing it to the general population; hence, training in MSICS becomes imperative. Small-incision cataract surgery also requires microsurgical skill training and the residents would benefit by wet laboratory exposure. This is shown in our study, where the frequency of intraoperative complications significantly fell after the introduction of wet-laboratory training in our institute. Furthermore, postoperative visual outcome of resident performed surgery remarkably improved. This difference was seen in the 2 nd -year residents who revealed a statistically significant difference in both the rate of intraoperative complications (PCR; P = 0.002) and visual outcome.
The rate of PC rent and vitreous loss in resident performed surgeries varies in different studies ranging from 4.9% to 10%. [14] [15] [16] [17] [18] In this study, we have included all the levels of trainees -1 st (JR1), 2 nd (JR2), and 3 rd -year residents (JR3) whereas most of the studies include only 2 nd and 3 rd -year residents. The rate of vitreous loss in the study, in Group A without prior access to wet-laboratory training is high -14.3% whereas after wet-laboratory training, the rate of PCR and vitreous loss is 6.9% which is comparable with other studies. [9] Carricondo et al. in their study of the 3 rd -year residents showed an 11.54% of intraoperative complications. [19] In this study, they showed that the rate of intraoperative complications, which was as high as 14% in the first 40 cases, dropped to 7% after 80 cases.
The results are comparable with this study with a remarkable improvement in the 2 nd -year residents revealing a rate of PCR of 5.6%, which was achieved between 40 and 80 cases. The studies that are published are for phacoemulisification training, and to the best of our knowledge, there is no publication on the effect of wet-laboratory training on small-incision cataract. Ours is the first publication addressing this issue.
One of the limitations of this study is that it is a retrospective study. However, once the wet laboratory curriculum was instituted in our center, it was considered discriminatory to conduct a randomized trial where the advantage of wet laboratory curriculum would be provided to some students and the rest would be deprived of the same. Another limitation was that the innate skill levels of each resident might vary.
Conclusion
A wet-laboratory training facility plays a major role in enhancing the confidence and surgical skills in the resident which is ultimately manifested in the reduced rate of complications and a better visual outcome in resident-performed cataract surgery. The need to mandate the wet laboratory or simulation facility in ophthalmology training as a part of the curriculum in postgraduate training in India requires serious consideration to improve the cataract surgical outcomes.
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